C erebral palsy (CP) describes a group of permanent disorders of movement and posture that limit function. 1 The functional limitations associated with CP are best classified by the Gross Motor Function Classification System (GMFCS; Expanded and Revised Version) 2 and the Manual Ability Classification System (MACS), 3 which are 5-level ordinal rating scales based on the assessment of self-initiated movement with emphasis on function with regard to sitting, walking, and fine motor upper extremity skill. 2 The most common outcome measures used to report functional skills in children and youth with CP are the Pediatric Evaluation of Disability Inventory (PEDI), 4 Gross Motor Function Measure (GMFM), 5 and Pediatric Outcomes Data Collection Instrument (PODCI). 6 The PEDI is most commonly used to measure typical functional performance or capability in gross motor, mobility, as well as other functional domains in children and youth with CP, [6] [7] [8] [9] yet it has limitations. With more than 200 items, it is time consuming to administer and thus it may be difficult to administer in some practice settings. 10 Items on the PEDI tend to be easier in content, which is ideal for measuring function in children with moderate to severe disabilities, but it can result in a ceiling effect when measuring function in older children with high levels of ability. Additionally, normative scores are only available for children 6 months to 7 years of age. To address these shortcomings, the Pediatric Evaluation of Disability InventoryComputer Adaptive Test (PEDI-CAT) was developed.
The PEDI-CAT is a new clinical assessment for children from birth through 20 years of age that was developed based on the years of experience of the PEDI-CAT authors, extensive literature review, and formal research with the original PEDI. [10] [11] [12] The PEDI-CAT includes domains that align with the International Classification of Function, Disability and Health for Children and Youth (ICF-CY) domains of "activity" (i.e., how the child carries out a task or action) and "participation" (i.e., involvement in life tasks during development that evolve in number and complexity towards adulthood). 13 The 3 domains of the PEDI-CAT (Daily Activities, Mobility, and Social/Cognitive) address the "activity" dimension. The fourth domain, Responsibility, examines one aspect of the "participation" dimension, which is defined as engagement in life situations. The Responsibility domain reflects the changing relationship of the child with the primary caregiver by recording the amount of responsibility the child assumes for life tasks. As a child takes on more responsibility for a life task they become more involved in that life task and participate more actively (Fig. 1) . 14 Examples of Responsibility domain items include choosing and arranging social interactions, managing food needs for the entire week, supervising or caring for another person (e.g., sibling or other child, grandparent), and tracking spending and managing money.
The PEDI-CAT is administered as a computer adaptive test (CAT). CATs are built from a set of coordinated items (item banks) that define a common dimension. 15 The PEDI-CAT provides an individualized and meaningful assessment for each child, as the computer algorithm, using item response theory, selects items that are most appropriate and minimizes the number of items needed to ensure an accurate score. Therefore each test administration is adapted to the unique ability level of each child, directing questions to the child's approximate level of proficiency. CATs are currently being used in pediatric and adult health services, 16, 17 demonstrating the potential to be the assessment platform of choice for future health care appraisal programs.
Using valid and reliable outcome measures to track functional abilities at the International Classification of Functioning levels of activity and participation for children and adolescents with CP is critical for optimal medical, rehabilitation, and surgical care. A functional outcome instrument that is quick to administer, precise, and user friendly with the potential to enable clinicians to serially monitor the impact of medical, surgical, and rehabilitation interventions in a variety of settings and over a range of ages and cognitive and functional ability levels is needed. The PEDI-CAT has the potential to meet these specifications for a comprehensive outcome measure for school-age children and adolescents with CP, but further information on its psychometric properties are needed. The content and construct validity of the PEDI-CAT have been previously reported and children with CP were included in these studies; 18 however, the PEDI-CAT has not been tested specifically with a large sample of children and adolescents with CP.
The aims of this project are to investigate the discriminant validity of the PEDI-CAT according to GMFCS and MACS levels in a cohort of children and adolescents with CP. We hypothesize that all 4 domains of the PEDI-CAT are able to differentiate between distinctly different subgroups of fine and gross motor function based on the level of independence as well as increasing levels of mobility and function in children and adolescents with CP according to GM-FCS and MACS level.
Methods

Study Participants
This cross-sectional cohort was a convenience sample including children and adolescents with their parents who presented to a multidiscipline CP clinic at a tertiary-level pediatric children's hospital between June 2013 and May 2014. Children were screened by chart review prior to the clinic visit and then invited by a research assistant to participate if they met the inclusion criteria. Englishand Spanish-speaking parents of children and adolescents between 6 and 20 years of age with a confirmed diagnosis of CP (GMFCS I-V) and with a consistent primary caregiver present during the clinic visit were included in this study. Children and adolescents were excluded if their neuromuscular diagnosis was unclear or if recent surgery (less than 6 months) or recent botulinum toxin A administration (less than 3 months) was performed. Informed consent was obtained prior to study participation and data collection and our institutional review board approved this study. During the study period, charts were reviewed 1 week prior to clinic visits to identify eligible patients for enrollment. A total of 525 patients were identified as potential study candidates; however, on the day of the clinic, patients were often being seen concurrently and thus 111 of these eligible patients were approached for participation, of which 101 consented to the study (Fig. 2) .
Procedures
Participant's parents or caregivers completed the PEDI-CAT (software version 1.3.9) using iPad technology (in English or Spanish) with the aid of a trained research assistant. When necessary, a Spanish interpreter was used to guarantee participant comprehension of all elements of the PEDI-CAT. Important demographic information was recorded for each participant, including race, sex, ethnicity, level of education (child and parent), socioeconomic status, and type of caregiver completing the form. The treating physician, with the aid of the caregiver, assigned a GMFCS and MACS score for each participant. A trained research coordinator recorded all other demographic data. High agreement (intraclass correlation coefficient=0.96) between parents and clinicians has been reported for classifying GMFCS and MACS levels for children with CP. 19 
Outcome Measure
The PEDI-CAT was developed at the Boston University Health and Disability Research Institute and has been validated for children and youth with disabilities. 10, 18, 20 The PEDI-CAT utilizes a computer adaptive platform with an item bank of 276 items in the domains of Daily Activities, Mobility, Social/Cognitive, and Responsibility. 11 The 4 PEDI-CAT domains are self-contained and can be used separately or in combination with the other domains.
The PEDI-CAT is completed by parent/ caregiver report or the professional judgment of clinicians who are familiar with the child's typical performance. The PEDI-CAT software has an option for administering items in English or Spanish.
There are 2 versions of the PEDI-CAT: the speedy version, which administers up to 15 items in each domain, and the content-balanced version, which administers up to 30 items with a minimum of 4 items from each content area of that domain. The 2 versions of the PEDI-CAT have been previously tested for content and construct validity and can be used interchangeably since the scoring results for either version is within 1 point of the other. 14 The speedy PEDI-CAT version was used for this study, with the total duration of this test lasting, on average, 12 minutes. 20 The PEDI-CAT Mobility domain items range from basic motor skills of "turning head while in supine" and "standing up from a chair" to more difficult motor skills of "running," "jumping rope," or "hiking 2-3 miles." 21 The use of walking devices (crutches, canes, or walker) is also included in this domain. The PEDI-CAT Daily Activities domain includes self-care activities such as "eating," "dressing," and "grooming," as well as activities related to household maintenance and the operation of electronic devices. The PEDI-CAT Social/Cognitive domain includes skills needed for effective social exchange and to function safely. The Responsibility domain provides information about the child's ability to participate in complex, multistep life tasks (e.g., staying safe in a familiar location that is known to be safe, such as friend's home or local park; fixing simple meals; packing all the items needed for an overnight stay; and making healthy choices to maintain health and well-being).
The GMFCS is a 5-level ordinal grading system that was recorded by the treating medical provider and was applied using the Expanded and Revised Classification tool by Palisano et al., 2 using appropriate descriptors to include children between the ages of 2 and 18 years. The MACS describes how children and adolescents with CP bimanually use their hands to handle objects in daily activities. 3 The MACS describes 5 levels based on the child's self-initiated ability to handle objects and the need for assistance or adaptation to perform manual activities in everyday life. This classification system has been proven to be stable over time with predictive value for assessment of fine motor function. 22, 23 
Statistical Analysis
Discriminant validity was analyzed by assessing the ability of the PEDI-CAT Mobility and Daily Activities domains to differentiate between children and adolescents who differ in physical abilities based on GMFCS and MACS levels. Participants were identified as ambulatory (GMFCS levels I-III) or nonambulatory (GMFCS levels IV-V) as well as manually independent (MACS levels I-II) or manually dependent (MACS levels III-V). We felt that for the tool to be clinically relevant it would need to differentiate between these broad dichotomous categories of ambulatory/nonambulatory and manually independent/ dependent. The Wilcoxon rank-sum test was used to verify the difference in PEDI-CAT Mobility and Daily Activities domain scores across ambulation and independence groups. Receiver operating characteristic (ROC) curve analysis was used to quantify the discriminant validity of the PEDI-CAT domains. The areas under the ROC curve (AUCs) were estimated along with 95% confidence intervals (CIs). AUC interpretations were classified as excellent (0.9-1.0), good (0.8-0.9), fair (0.7-0.8), poor (0.6-0.7), and useless (0.5-0.6). 24 To establish discriminant validity in this sample we set acceptable AUCs a priori at 0.80.
Secondary analysis assessed the variation of each of the 4 PEDI-CAT domain scores across the 5 GMFCS and MACS levels. General linear modeling was used to determine if each PEDI-CAT domain varied across functional levels based on a global F-test. Post hoc analyses were conducted to compare scores between adjacent GMFCS and MACS levels. PEDI-CAT scores for each domain were summarized using mean and standard deviation and P values were corrected for multiple comparisons using the Holm method. All tests were 2-sided and P values less than .05 were considered significant.
Assuming an expected 60%:40% ratio of ambulant to nonambulant subjects (similarly, manually dependent to independent), [25] [26] [27] power analysis determined that in order to detect an AUC for discriminating across ambulatory/independence groups of at least 0.80 (compared with a null AUC of 0.60), we would require a minimum of 46 participants to achieve 80% power at the 5% significance level. For secondary analysis, we aimed to show a difference in Mobility and Daily Activities domains across all 5 GMFCS and MACS levels. In order to detect a difference in mean score across 5 levels using an ordered orthogonal contrast, we would require fewer than 5 participants per level for a global F-test with α set to 0.05 to achieve 80% power. Given that our study included 101 participants with 17-23 participants per GMFCS level and 62 participants with 6-19 participants per MACS level, we were able to adequately address the primary and secondary aims of this study with the data collected.
Participants who were missing MACS scores (n = 39) were compared with those who were not missing these data (n = 62) to assess potential bias in data collection. It was found that there were no differences in participant age, sex, or GMFCS level across data groups. Also, there were no differences in any of the PEDI-CAT domain scores between participants missing their MACS level and those not missing their MACS level. Based on this limited information, we present our results under the assumption that there was no obvious bias with respect to the subgroup of participants with MACS scores available.
Results
A total of 101 school-age children and adolescents [54 boys, 47 girls; average age 11.9 years (SD 3.7)], evenly distributed according to GMFCS level (Expanded and Revised), were included in our analysis (Tab. 1). Fifty-nine participants were identified as ambulatory (GMFCS levels I-III) and 42 as nonambulatory (GMFCS levels IV-V) and 26 participants were identified as manually independent (MACS levels I-II) and 36 as manually dependent (MACS levels III-V) (Tab. 1).
The PEDI-CAT Mobility and Daily Activities domains were able to distinguish between ambulatory and nonambulatory participants with excellent discriminant validity (AUC = 0.98 and 0.97, respectively; P < .001) (Tab. 2). The Daily Activities domain exhibited excellent discriminant validity (AUC = 0.93; P<.001) across manual dependence groups and the Mobility domain exhibited good discriminant validity (AUC = 0.87; P<.001) across manual dependence groups (Tab. 2). (global F-test; all P<.001; Tab. 2), with inability to discriminate among individual MACS levels (Tab. 3). The Mobility domain was able to discriminate between all 5 GMFCS levels, whereas the other 3 domains were able to discriminate some GMFCS functional levels (Tab. 3). The Daily Activities domain was able to discriminate across all MACS levels except between levels I and II and the other 3 domains of the PEDI-CAT were able to discriminate across some of the MACS levels (Tab. 3).
All 4 PEDI-CAT domain scores discriminated among GMFCS and MACS levels
Discussion
The purpose of this study was to test the discriminant validity of the PEDI-CAT relative to gross motor (GMFCS) and fine motor (MACS) function in a cross-sectional sample of school-age children and adolescents with CP. Our study demonstrated that the PEDI-CAT has excellent discriminant validity according to gross and fine motor function for school-age children and adolescents with CP. In addition, the PEDI-CAT operationalizes the ICF-CY constructs of activity and participation, allowing caregivers to provide a common framework and terminology for describing function and ability.
The GMFCS and MACS are valid and reliable classification systems for gross and fine motor function for children with CP 28, 29 and were used as gold standards to compare the discriminant validity of the PEDI-CAT. The results from the ROC analysis showed that all 4 domains of the PEDI-CAT were able to effectively discriminate between ambulant (GMFCS levels I-III) and nonambulant (GMFCS levels IV-V) and independent hand function (MACS levels I-II) and nonindependent hand function (MACS levels III-V) in children with CP. These findings illustrate the ability of PEDI-CAT to discriminate manual and gross motor function across a sample of school-age children and adolescents with CP. Our results are similar to 2 previous studies that found the PEDI-CAT Mobility domain was able to discriminate gross motor skills in children with neurodevelopmental disabilities and children without disabilities 20 and ambulatory children who used assistive devices from children who were primary wheelchair users. 30 These results indicate that the PEDI-CAT can be used as an outcome measure across all functional levels for school-age children and adolescents with CP for both clinical and research endeavors.
Upon further examination of the data across the 5 GMFCS and MACS levels and the 4 PEDI-CAT domains, the PEDI-CAT Mobility domain demonstrated the strongest discriminant ability across all 5 GMFCS levels (P<.001; Tab. 3). The PEDI-CAT Daily Activities domain was able to discriminate between ambulatory and nonambulatory children, but not across GMFCS levels I-III. The Social/ Cognitive and Responsibility domains were only able to discriminate across motor abilities of children with more severe mobility impairment. This is most likely because the content of the Mobility domain is closely aligned with gross motor function and although the GMFCS levels are moderately to strongly correlated with other functional abilities and classification systems [i.e., MACS and Communication Function Classification System (CFCS)], one classification system does not predict functional abilities in the other 2 areas. 31 All 4 PEDI-CAT domains demonstrated the ability to discriminate between manually dependent and independent (all P<.001), with an inability to discriminate among individual MACS levels (Tab. 3). Manual abilities in handling objects are clearly relevant to everyday skills such as dressing, grooming, and home tasks, which are skills measured in the Daily Activities domain, but manual abilities appear to be relevant to other functional areas as well. Both motor and cognitive abilities are correlated to fine motor functional abilities and that may be why the MACS classification was able to discriminate functional abilities in all 4 PEDI-CAT domains. 32 None of the PEDI-CAT domains were able to discriminate between children with higher function classified at MACS levels I and II. It may be that the PEDI-CAT is not sensitive enough to detect differences at these levels and that additional items are needed to further discriminate these groups; however, other factors may be involved as well. Our study was not powered to detect differences across individual GMFCS and MACS levels, but rather across broad functional levels of ambulant versus nonambulant and dependent versus independent hand function. No statistically significant age differences were detected across the MACS levels for this sample; however, children classified as MACS levels I had a mean age of 10.4 years, whereas children at MACS level II had a mean age of 13.2 years. Functional skills generally increase with age, therefore in future studies a larger sample stratified by age and MACS levels may help to discriminate functional skills of children at MACS levels I and II.
The results of this study are not without limitations. The convenience crosssectional sampling approach used in this study does not enable us to generalize findings with confidence for all caregivers and professionals. While the PEDI-CAT has been designed for children and adolescents from birth through 20 years of age, we chose to focus on school-age children in this study. Our gold standard for classifying children in this study was the GMFCS, and while this measure has been shown to be reliable in children as young as 2 years, the reliability of the GMFCS at this young age is directly related to repeated clinical assessments with reclassification as necessary. 33, 34 Due to our cross-sectional study design, we only had one visit to classify our patients and in our clinical model, by age 6 years, children have had multiple visits with the same provider, improving the accuracy of their GMFCS classification. Finally, the responsibility domain of the PEDI-CAT is most relevant beginning with school-age children focusing on several functional skills to carry out a life task. Therefore, a limitation of this study is that the results are applicable for school-age children with CP and not for infants and young children with CP. Furthermore, we may have experienced some selection bias with caregivers who chose to participate in this study. As caregivers in this study were primarily Caucasian, middle-income parents, these findings may not be representative of caregivers from other cultural or socioeconomic backgrounds. Not all participants had a MACS level assigned to them, and this had the potential to bias our results; however, we found no differences in PEDI-CAT scores between participants with and without MACS scores, suggesting that the missing data occurred at random. Furthermore, there was still enough MACS data to estimate the AUCs with 95% CIs for each of the PEDI-CAT domains across the dichotomized MACS levels.
The next step in testing the PEDI-CAT would be to examine the responsiveness of this measure to surgical and rehabilitation interventions for children with CP by determining the minimal detectable change and minimal clinically important difference values for each domain of the PEDI-CAT. Future studies will also involve testing the concurrent validity of the PEDI-CAT in CP with other legacy measures, such as the Functional Mobility Scale, 35 Caregivers Priorities and Child Health Index of Life with Disabilities, 36 and the Peds QL (CP Module). 37 This study demonstrates the discriminant ability of the PEDI-CAT across a sample of school-age children with CP. The 4 domains of the PEDI-CAT demonstrated strong discriminant ability across gross and fine motor function. The PEDI-CAT is a broad outcome instrument that is able to cover a wide range of ages and demonstrates the ability to discriminate across school-age children with CP with a spectrum of disability. Future work is needed to examine additional construct validity and responsiveness of the PEDI-CAT in children with CP.
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